SYNOPSIS A sibship with four cases of hereditary elliptocytic anaemia is described. The condition in this family may have arisen as a mutation in the mother of the sibship; affected members were unable to taste phenylthiocarbamide while normal members were tasters.
Experiments with 32P-orthophosphate in vitro did not show any evidence of biochemical upset as found in hereditary spherocytosis; thus a combination of congenital spherocytosis and elliptocytosis cannot be supported as the cause of the haemolytic state. Clinical evidence of haemolytic disease was accompanied by a tendency to excessive lysis in vitro.
Infection may play a part in the precipitation haemolytic anaemias.
Elliptical erythrocytes occur as a well recognized hereditary anomaly in man. The first record of elliptical human red corpuscles is usually credited to Dresbach (1904) but Lambrecht (1938) states that the anomaly was observed in 1860 by Goltz. Its inheritance as a regular autosomal dominant has been confirmed in many studies since its nature was first established as familial by Bishop (1914) and as hereditary by Hunter and Adams (1929) . Now it is known that in some families at least the elliptocytic trait shows genetic linkage with the rhesus blood groups (Goodall, Hendry, Lawler, and Stephen, 1953; Marshall, Bird, Bailey, and Beckner, 1954; Morton, 1956; Clarke, Donohoe, Finn, McConnell, Sheppard and Nicol, 1960) .
Hereditary elliptocytosis is not usually associated with anaemia. Thus, until 1943, only 12 % of recorded cases showed a significant anaemia of haemolytic type (Penfold and Lipscomb, 1943) . This hereditary anomaly has to be differentiated from the elliptocytosis occurring in other types of anaemia, notably pernicious anaemia, hypochromic microcytic anaemia, and the anaemias of myelosclerosis and lymphoid neoplasms.
The purpose of this paper is to report a six-year study of the clinical course and haematological investigations of a sibship of seven, four of whom have elliptocytosis with a significant haemolytic anaemia and splenomegaly. One member required cholecystectomy for pigment stones; another derived benefit from splenectomy.
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CLINICAL DETAILS
The propositus, patient II 3 ( Fig. 1) , a 49-year-old farmworker was admitted to hospital with a five-day history of upper abdominal pain, nausea, vomiting, and slight jaundice. One similar attack two years previously had resolved with conservative treatment. Examination showed epigastric tenderness, slight enlargement of the liver, a palpable tender spleen, and mild conjunctival icterus. His urine contained a trace of bile and excess urobilinogen. Radiological examination of the chest, barium meal examination, and cholecystography revealed The affected members all showed a similar red cell morphology with approximately 90% elliptocytes, occasional microelliptocytes, spherocytes, and cells which tended to crenate even in fresh samples. A variable reticulocytosis was always present. After splenectomy in patient II 4 (Fig. 2) the number of microelliptocytes and spherocytes was significantly increased, as has been noted in several previously reported cases (Dacie, Mollison, Richardson, Selwyn, and Shapiro, 1953; Lipton, 1955; Letman, 1955; Wilson and Long, 1955) .
The presence of microelliptocytes and spherocytes in the peripheral blood, the splenomegaly, and the haemolytic anaemia in all the affected members suggested the possible coexistence of congenital spherocytosis and elliptocytosis, and the following investigations were undertaken to see if this combination really existed.
RADIOCHEMICAL INVESTIGATION in vitro The rate of exchange of 32P-orthophosphate between plasma and erythrocytes in cases of congenital spherocytosis has been found to be normal (Prankerd, Altman, and Young, 1954, 1955) but it was later found by Tabechian, Altman, and Young (1956) that in the presence of sodium fluoride spherocytes behaved differently from normal red cells. Thus when NaF (10-3M) is added to normal blood there is little or no alteration in the rate of 32P-orthophosphate uptake by the erythrocytes, but with congenitally spherocytic cells the exchange process ceases after about one hour and may even be reversed. Two cases of congenital spherocytosis were examined by us and showed the fluoride inhibition but blood from the four siblings with elliptocytosis as well as from their unaffected sisters behaved normally. Patient II 4 gave similar results before and after splenectomy. Thus, from the results of this radiochemical test, we have no reason to believe that either the spherocytosis or the anaemia in our elliptocytic cases was due to a coexistent congenital spherocytic anaemia. Three other cases of familial elliptocytosis with no anaemia and six normal controls likewise showed no inhibition of exchange on addition of NaF. Studies on the 32P-orthophosphate exchange in hereditary elliptocytosis have not been previously reported and details of these findings are to be published elsewhere.
OTHER CHEMICAL INVESTIGATIONS
Haemoglobin from the affected siblings showed a normal electrophoretic behaviour and virtually no alkali resistance. Liver function tests (including quantitative estimation of plasma proteins by both precipitation and electrophoresis) were normal except in patient II 3, who showed increased cephalin-flocculation and thymol turbidity levels.
FRAGILITY AND AUTOHAEMOLYSIS TESTS Saline osmotic fragility (fresh and incubated) and autohaemolysis tests were carried out according to Dacie (1960a) 7 -1 that of a peripheral venous sample was I1 mg. per 100 ml.; this marked difference suggests that in this patient the spleen was exerting an excessive haemolytic action on the abnormal erythrocytes.
DISCUSSION
THE ELLIPTICAL SHAPE In hereditary elliptocytosis the factors determining the unusual shape of the erythrocytes are unknown. As in other such cases, Hb electrophoresis and alkali denaturation in this family revealed no abnormal haemoglobins. It has been shown, however, by Breuer, De Vries, Peket, and Matoth (1958) that special moving-boundary electrophoretic techniques reveal minor differences between normal adult haemoglobin and haemoglobins from patients with elliptocytosis and other hereditary anaemias; these observers postulate a weakness of the bonds that link the subunits of the haemoglobin molecule and thus the internal structure of these abnormal erythrocytes. The only report of significantly high levels of foetal haemoglobin in adult elliptocytic cases is that of DuclaSoares and Parreira (1958) . A structural or enzymic defect of the stroma or cell membrane is a possible but yet unproven explanation of the elliptical shape, and in our cases with haemolytic anaemia at least, such a defect seems probable in view of the abnormal haemolysis in vitro.
OSMOTIC FRAGILITY in vitro The osmotic fragility values of all the affected members in this family were significantly higher than those of the unaffected members and were at or above maximum normal levels. This supports the view that the presence of bizarre-shaped cells, microelliptocytes, and spherocytes is likely to be associated with hyperhaemolysis. After splenectomy, in patient II 4 there was a significant increase in the osmotic fragility of both fresh and incubated samples, explicable no doubt by the increase of microelliptocytes and spherocytes in the peripheral blood. An increase in fragility in elliptocytosis is generally accepted as occurring after splenectomy, but in only a few cases has a comparison been made with pre-splenectomy values in the same patient, and in these cases the changes varied from a marked increase (Letman, 1955) to no increase at all (Blackburn, Jordan, Lytle, Swan, and Tudhope, 1958) . Similarly, in congenital spherocytosis, Young, Izzo, and Platzer (1951) and Dacie (1960b) conclude that there is a further increase in osmotic fragility following splenectomy, particularly as measured on incubated samples.
Study of venous blood from the splenic vein itself has been thus far reported only once in relation to elliptocytosis, no significant differences being noted in the red cell morphology or osmotic fragility range in samples from the splenic vein and artery (Lipton, 1955) . In contrast, we found a considerable increase in the osmotic fragility of splenic venous blood in patient 11 4 compared with that of peripheral venous samples, and since this could not be explained by any difference in the packed cell volume of the samples it may reflect a splenic action on the cells promoting lysis in a way comparable with that seen in congenital spherocytosis (Emerson, Shen, Ham, Fleming, and Castle, 1956 ).
AUTOHAEMOLYSIS Reports on autohaemolysis in hereditary elliptocytosis are few and the results inconclusive. In this family the results are similar to those obtained by Dacie (1960c) in his families C, D, and G, namely, that increased levels were found on sterile incubation for both 24 and 48 hours and the addition of glucose greatly reduced the haemolysis but not to normal levels. After splenectomy our patient II 4 showed a further increase of autohaemolysis. The case D.Hi of family B described by Dacie (1960d) also showed an abnormally high level but had not been studied before splenectomy. The rise in our case and the high level in Dacie's case contrast with the situation in congenital spherocytosis where post-splenectomy autohaemolysis levels tend to be lower than those recorded before splenectomy (Selwyn and Dacie, 1954) .
THE HAEMOLYTIC ANAEMIA Most cases of hereditary elliptocytosis have neither clinical nor laboratory evidence of haemolytic anaemia. A minority, however, show various degrees of hyperhaemolysis but the factors determining these grades of severity are only partly understood. The homozygous state, which is so important in the haemoglobinopathies, has only twice been found responsible for severe haemolytic, elliptocytic anaemia (Wyandt, Bancroft, and Winship, 1941; Lipton, 1955) .
The presence of spherocytes in the blood of heterozygous subjects with elliptocytic anaemia has led observers in the past to suggest the possibility of a combination of congenital spherocytosis and elliptocytosis as the basis for the anaemia but neither Holst-Larsen (1947) nor subsequent workers have offered any proof of this idea, and certainly the results of our genetic and radiochemical studies are against such a combination. A possible, and, to us, a reasonable explanation of the presenceof themicrospherocytes and microelliptocytes is that these small forms are the result of red cell fragmentation (Motulsky, Singer, Crosby, and Smith, 1954) .
The rare combination of the elliptocytic trait with a haemoglobinopathy is not of any help in the elucidation of the usual type of hereditary elliptocytic anaemia, and, in the known examples of combination with Hb S (Vandepitte and Louis, 1955) and Hb C (Avery, 1956) , the abnormal haemoglobin did not appear to potentiate the pathogenicity of the elliptocytosis. It has been suggested that anaemia may be caused by the combination of the gene(s) for elliptocytosis with another gene which of itself does not cause any detectable change in the blood. Such a possibility was raised by the cases of Mason (1938) and Lendval (1949) , where there was a history of an undetermined type of anaemia on the side of the parent not bearing the elliptocytic trait. In sum, there is no convincing proof that the anaemia of hereditary elliptocytosis is due to combination with other genetically determined abnormalities.
INFECTION AND HAEMOLYSIS OR HAEMOPOIETIC DE-
PRESSION In the congenital haemolytic anaemias it is still uncertain whether the relationship of a casual infection to a clinical exacerbation of the haematological state is an intensification of the haemolysis or a suppression of haemopoiesis, although the observations of Owren (1948), Dameshek and Bloom (1948 ), and Gasser (1950 all point to temporary marrow failure as the more important precipitating factor.
All the affected members in our elliptocytic family gave a history of episodes of fever, weakness, and anaemia associated with abdominal pain or respiratory symptoms. Patient II 4 on his first admission to hospital had such an episode with a productive cough but culture of the sputum yielded no pathogenic organisms; the finding of leucopenia in the presence of a mild respiratory infection, anaemia, and a reticulocyte count well below his 'compensated' level certainly suggested that the anaemia was due to a sudden haemopoietic insufficiency. Unfortunately, confirmatory marrow aspiration was not carried out. Campanacci, Torlontano, Tonietti, and Conti (1960) suggested that their two elliptocytic anaemic patients had hypoplastic erythropoiesis, and although no other comparable reports are available, infection seems to have unmasked the presence of previously unsuspected hereditary elliptocytosis by precipitating a severe anaemia in Dacie's (1954) 4 by bilirubin estimation and osmotic fragility tests on splenic venous blood. As in congenital spherocytosis, the cause of the splenic congestion and the mechanisms leading to destruction of the abnormal erythrocytes are largely unexplained. The available evidence suggests, however, that the lytic role of the spleen is secondary to the genetically determined defect of the erythrocytes.
TREATMENT Although the factors responsible for the elliptical shape of the erthrocytes and the pathogenesis of the occasionally associated haemolytic anaemia are far from being adequately understood, there seems little doubt that in the anaemic cases splenectomy alleviates the haemolytic state and improves the physical well-being of the patient. The results of splenectomy are reviewed by Dacie (1960e) and we merely add that in our Case II 4 the operation was of definite benefit.
